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FOREWORD 
This statistical study is very timely because of the effect it might have 
on the development of agricultural policy. It represents an exploratory effort 
to determine the significance of weather in the build .. up of the feed grain 
surplus. Much research is needed on this important subject. If a favorable 
weather cycle has been a major factor in the build up of the feed grain surplus, 
continued storage of the surplus would be in order and such surplus should be 
treated as a reserve. On the other hand, if weather is of little significance in 
yield trends, an effort should be made to reduce output of feed grains. 
Another important feature of this study is the application of modern 
statistical techniques along with principles well known to physical and bio-
logical scientists in solving problems of particular interest to agricultural 
economists and of great importance to the nation's agricultural economy. This 
study points up the kind of contribution that can be made by combining the 
resour,:;es and techniques of the physical, biological and social sciences. 
v 
Earl 0. Heady, Executive Director 
Center For Agricultural and 
Economic Adjustment 

SUMMARY 
Multiple curvilinear regression analysis bas been used to separate the 
effects of w·eatber from the effects of technology on the trend in corn yields 
in Illinois, Indiana, Iowa, Missouri and Ohio. These five states produce 
about half the corn produced. in the United States .. 
The weather during the four-Year period 1958-1961 was unusually favor-
able for corn in the five states under study. Had trend yield.s been realized 
during 1958, 1959 and 1960, these five states w·ould have produced about 93 
percent as much corn as was actually produced. The additional amount of corn 
produced because of favorable w·eatber was approximately equal to that added 
to storage during 1958, 1959 and 1960 from these states. 
The yield of corn in 1961 reached an all-time bigb. However, the weather 
conditions in 1961, particularly July rainfall and August temperature, were 
more nearly optimum in the Corn Belt than in any year from 1935 to 1961. 
The proportion of the increase in yield due to weather for corn in the 
five Corn Belt states from 1960 to 1961 was calculated to be 66 percent. The 
remaining 34 percent was due to technological inputs. 
The most significant weather variables for the five states were as follows: 
Illinois -· July rainfall, July temperature, and August temperature 
Indiana - July rainfall and August temperature 
Iowa - June temperature, July rainfall, July temperature, and August 
temperature 
Missouri - July rainfall, July temperature and August temperature 
Ohio - July rainfall and August temperature. 
The two weather variables that w·ere most important and common to all five 
states were July rainfall and. August temperature, in that order of importance. 
More than 86 percent of the yield variation in each of the states was 
accounted. for by multiple regression using a linear equation for time (technology) 
and quadratic equations for the weather variables. 
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INTRODUCTION 
This statistical study was made because of the lack of knowledge about the 
relative importance of w·eather and technology in the build-up of the feed. grain 
surplus. Corn was selected for study since this crop accounts for about 70 
percent of the feed grain production in the United States The states of Iowa, 
Illinois, Indiana, Ohio and Missouri were selected because they produce about 
half of all corn produced in the United States. The states were studied sepa-
rately so as to provide sufficient replication for statistical analysis and 
interpretation. Furthermore, it was expected that the five states might yield 
different information because of the range in climate from western Iowa to 
eastern Ohio, and from northern Iowa to southern Missouri. 
The years 1935 to 1961 were selected for study since 1935 marked the be-
ginning of rapid acceptance of hybrid corn and the beginning of a marked. increase 
in the yield of corn. By 1945 there was almost 100 percent acceptance of hybrid 
corn in the Corn Belt, and most of the upward trend in yield from 1935 to 1945 
can be accounted for by the adoption of hybrid corn. The year 1945 marks the 
beginning of the rapid increase in the use of nitrogen fertilizer in the pro-
duction of corn. Thus, most of the increase in yield since 1945 can be attrib-
uted to fertilizer; this is particularly true after 1950. Improved cultural 
practices, especially timely operations in the spring, have contributed. sig-
nificantly to increased yields throughout the period of study. Such practices 
w·ere particularly influential from 1945 to 1950. 
The author wishes to acknowledge the helpful suggestions of Dr. Geoffrey 
Shepherd, Professor of Economics; Dr. Oscar Kempthorne, Professor of Statistics; 
Dr. Robert Shaw, Professor of Climatology, and Dr. John Pesek, Professor of 
Agronomy. 
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Many studies have been made of the relation of weather to crop yields, 
particularly to corn yields. (2,4,5,7,8,10,11,12,14,15,16,18,19,22,23)* It 
has long been recognized that July weather is particularly important (16,22) 
in the production of corn. Thus, a special study was made of July rainfall 
and July temperature in this investigation. The uniqueness of this study is 
an attempt to separate the influence of technology from w·eather effects on 
trends in yield. Using multiple regression techniques, Ezekiel (4) made such 
a study to measure effects of time, summer rainfall and summer temperature on 
yields of corn. There appeared to be little effect of w·eather, but the reason 
w·ill become apparent on examination of the differences in the influence of June 
and July weather, in particular, and also differences in July and August 
w·eather. 
The availability of high speed. computers makes it practicable to measure 
the effects of a large number of variables in multiple regression. This study 
included June rainfall, July rainfall, August rainfall, June temperature, July 
temperature and August temperature along with years or time as factors in 
yields of corn for each state. That time is a measure of the influence of 
technology is indicated by the fact that new and improved corn production 
practices were adopted throughout the period from 1935 to 1961. A separate 
study was made to test the hypothesis that there was a gradual and straight-
line trend in yields over time by fitting the quadratic equation** to the yield 
data for each state. The fact that the drouth years of 1953, 1954 and 1955 
were follow·ed by improved weather in 1956 and 1957, then by four years of 
excellent weather causes the quadratic equation to be misleading. The curve 
* Numbers in parenthesis refer to references listed on page 26 . 
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** Y = a+ bX +eX where X = years. A test was also made by using the 
quadratic form for time in the multiple regression analysis. 
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obtained is flat from 1935 to 1945, w·hereas in actuality hybrid corn caused 
marked increases in yields per acre during the period. One might suggest a 
cubic, quartic or quintic equation, but these equations lead. to further diffi-
culty. They tend to follow the changes caused by favorable and unfavorable 
weather. Thus these equations tend to obscure weather factors if one uses the 
time trend to measure effects of technology. It is recognized that the rate 
of introduction of technology has not been constant since 1935, but a linear 
trend is a logical assumption for the reasons explained above. To accept the 
linear trend requires the recognition that hybrid corn was as important in the 
first ten years of the study as fertilizers in the last ten years of the study. 
The middle period, 1945 to 1950 inclusive, was associated with the beginning of 
heavy use of nitrogen fertilizer, the tapering off of the effect of hybrid 
corn, and the influence of improved cultural practices. The latter include the 
rapid mechanization of agriculture after World. War II and the use of chemicals 
to control weeds and insects. 
SOURCES OF DATA 
Data for corn yields were obtained from the U.S. Department of Agriculture 
publication, Agricultural ~atistics (l), except for the data of 1960 and 1961, 
which were obtained from the 1961 Annual Summary, Statistical Reporting Service, 
Crop Reporting Board. of the U.S. Department of Agriculture. 
Data for state averages of rainfall and temperature w·ere obtained from 
U.S.D.A. Miscellaneous Publication 471, Agricultural Statistics and annual 
summaries of the Weather Bureau, except for 1960 and 1961. Data for 1960 and 
1961 w·ere obtained. from Climatological Data, published monthly for each state. 
The data are summarized in these publications by divisions. It was necessary 
to convert the division averages to state averages by multiplication of "divi-
sional weight factors" furnished through the courtesy of F. W. Reichelderfer 
of the Weather Bureau. 
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All of the weather data and yield data for the period 1935 through 1961 
used in this study are shown in tables in the appendix. The regression analyses 
were accomplished by the Computing Service of the Statistical Laboratory, Iowa 
State University.* 
RESULTS OF THE STUDY 
Table 1 shows the partial regression coefficients for each of the seven 
variables for each state. Each coefficient is an expression of the effect of 
the variable on the yield of corn in bushels per acre. For example, under Time 
for Illinois, .77 means an annual increase of .77 bushels of corn per acre. 
The value -.93 listed under June rainfall means that each inch of rain above 
average reduces the yield of corn .93 bushels per acre; the 2.65 under July 
rain means that each inch above average rainfall increases the yield by 2.65 
bushels per acre. 
The analyses with seven variables show· the importance of considering the 
rainfall and temperature data for individual months rather than for the entire 
summer. A negative effect from above average rainfall in one month averaged 
with a positive effect from above average rainfall in another month may result 
in the data having no value in predicting yields. Furthermore, the analyses 
with seven variables show the relative importance of the weather factors for 
the various months. The larger coefficients for July rainfall stand out in 
every case. 
Table 1 indicates that the following would be the best w·eather conditions 
for corn in Illinois and Iowa: Less than average rainfall and higher than 
average temperature in June; higher than average rainfall and lower than average 
temperature in July; higher than average rainfall and lower than average tern-
perature in August. 
*With the guidance of Mr. Howard Jespersen and Mrs. Mary Clem. Miss Garlyn Hill 
assisted with the collection and preparation of the data for analy"sis. 
--------
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Table l. Partial Regression Coefficients for Seven Variables and Their 
Effect on The Yield of Corn in Five States* 
Bushels of Corn per Acre 
States June June July July August August 
Time Rain Temp. Rain Temp. Rain Temp. 
Illinois 
-77 --93 .18 2.65 -.87 .41 -.68 
Indiana .86 
-33 .11 1.78 --53 -1.41 --79 
Iowa .63 -.50 .84 2.55 -.32 .33 -.61 
Missouri 
-72 -1.25 -.30 1.72 -.91 -1.32 -1.46 
Ohio .91 -.13 .21 2.27 .26 --33 --53 
Corn in Indiana appears to be favorably affected by higher than average 
rainfall in June and July but adversely affected by higher than average rain-
fall in August. The effect of temperature in June, July and August appears to 
be similar for Indiana, Illinois and. Iowa. 
Missouri corn is favorably affected by higher than average July rainfall 
but unfavorably affected by higher than average June or August rainfall, or 
higher than average temperature in June, July or August. 
*The multiple correlation coefficients for the five analyses are: 
Illinois .917, Indiana .905, Iowa .809, Missouri .950 and Ohio .872. 
The F values for analyses of variance are: Illinois 14.5, Indiana 12.4, 
Iowa 5.2, Missouri 25.3 and Ohio 7.9. An F value of 3-77 is significant 
at the l percent level of probability. 
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In contrast with Missouri, Ohio is favorably affected by higher than 
, 
average temperature in June and July. According to Henry A. Wallace,* "Much 
of ·Ohio's corn is in the northwestern part of the state where the lakes have 
a moderating influence. Perhaps Ohio corn tassels later and this explains 
why August high temperature hurts whereas July does not." This study confirms 
the conclusion reached by Wallace (22) in his classical study in 1920 using 
·multiple regression to study weather and corn yields. He concluded that July 
rainfall is the one weather factor that stands out in grow·ing corn in Ohio. 
SELECTION OF SIGNIFICANT WEATHER VARIABLES 
While the analyses with seven variables provide high multiple correlation 
coefficients and useful equations for prediction, it was considered desirable 
to continue the investigation using the most significant combinations. The 
most significant factors become apparent by examining the simple correlations 
of each factor with yield and by·examining the t values of each multiple 
regression coefficient. Table 2 shows these data for comparison. 
Combinations of weather variables were selected by excluding those with 
very low correlation coefficients and regression coefficients with low t 
values. 
A combination of variables was selected for each state that.provided a 
multiple correlation coefficient approaching that obtained by the use of seven 
variables. Furthermore, the combinations were examined in relation to the 
closeness with which the predicted values actually explained the variations in 
yield that occurred from 1935 to 1961. A combination of July rainfall and July 
temperature w·i th the time factor provides a correlation coefficient almost as 
high as the combinations shown in Table 3. However, when the predicted yields 
* Personal communication dated Jan. 9, 1962. 
Table 2. 
States 
Illinois r 
t 
7 
Simple Correlation (r )* w·i th Yield and t values** of 
Partial Regression Coefficients 
June June July July August 
Rain Temp. Rain Temp. Rain 
.02 .00 .66 -.46 .11 
-·93 ·37 3.08 -1.62 .32 
August 
Temp. 
-.44 
-1.21 
----------------------------------~-----
Indiana r .34 -.21 
·55 -.49 .02 -.50 
t .36 .23 1.71 -.93 -.91 -1.48 
----------------------------------------
Iowa r 
t 
Missouri r 
t 
Ohio r 
t 
-.27 
-.45 
-.17 
-2.43 
-.07 
- .. 11 
.26 
1.37 
-.13 
--75 
-.15 
.40 
·55 
1.72 
.68 
2.94 
.38 
2.29 
-.47 
-.45 
-·57 
-2.28 
-.19 
·35 
.19 
.29 
.10 
-1.68 
-.16 
-.29 
-.47 
-·93 
-.52 
-3.16 
--27 
-.94 
are plotted against the actual yields there is not a good fit. For example, the 
yields of 1947 were generally low· because of bet, dry weather in August. Hot 
weather in August has been an important factor in reducing yields in several of 
the years under study. 
Table 3 shows the combination of variables judged to be the best for 
purposes of predicting yields and for explaining the variation in yields that 
occurred between 1935 and 1961. The t values are included. Although some 
coefficients have large standard errors, they are useful in combination with 
other factors with small standard errors. However, they w·ould be of no value 
if used alone for prediction. 
* r of .38 is significant at the 5 percent level (14). 
** t = partial regression coefficient ~ standard error. 
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Table 3. Partial Linear Regression Coefficients for Selected Variables and Their 
Relation to the Yield of Corn. The t Values are in parenthesis. 
xl x2 x3 - X4 x5 
June July· July August 
States Constant Time Temp. Rain Temp. Temp. 
a bl b2 b3 b4 b5 
Illinois 130.8 .894 
* 
2.266 
--5372 -.7426 
(5-78) (2.94) (1.14) (1. 73) 
Indiana 101.5 .882 
* 
1.98 
* --9398 (6.34) (2.42) (2.09) 
Iowa 31.1 .667 -9267 2-736 -.1915 -.6574 
(3.18) (1.63) (2.14) (0.30) (1.11) 
Missouri 145.3 .866 
* 
1.828 
-. 7151 -.9222 
(6.42) (3.04) (1. 74) (2.52) 
Ohio 68.1 .9Q2 
* 
2.034 
* 
-.5051 
(7.05) (2.51) (1.10) 
A 
Calculated Yield= Y =a + b1X1 + . . . . . . . . . . . . . + b5 x5 
where Time is coded so that year 1 = 1935 and year 27 = 1961. . 
The Multiple Correlation Coefficients are : Illinois .907, Indiana · .894, 
Iowa .806, Missouri .931 and Ohio .866. Analysis of variance shows signif-
icance at the 1 percent level of probability for all states. 
* Not selected 
9 
DISCUSSION OF WEATHER VARIABLES 
This study shows the importance of rainfall in July and. the importance of 
temperature in July and. August. The critical period. in the grow·th of corn is 
in late July and. early August. Studies by Sayre ( 13) and. Hanway ( 6) show· that 
this is the period. of maximum rate of accumulation of d.ry matter. This is also 
the period. of maximum water reg_uirement and. maximum nutrient uptake. 
Figure l is a schematic diagram which shows that July and. early August are 
deficit-rainfall periods in the production of corn. The curve for water reg_uire-
ment is based. on studies of Shaw, Runkles and. Barger (15). These authors 
estimate the total needs of water for corn in Iowa to be 25.1 inches with a 
peak need. of 6 inches during July. Their estimates include runoff and. perco-
lation losses as well as evapo-transpiration reg_uirements. The curve in 
Figure l is an estimate of actual needs of the crop. 
The critical period. of moisture stress in corn is at the time of silking. 
In Iowa silking begins July 20 and. is 75 percent complete by July 30 (on the 
average, although 75 percent silking occurred. as early as July 22 in 1939, and 
as late as August 12 in 1945). The first silks usually appear 60 to 70 days 
after planting (23). Denmead. and Shaw (3) studied. the effects of moisture 
stress on corn; that is, allowing the moisture to d.rop to the wilting point 
during three stages of growth: (a) vegetative (before silking), (b) silking, 
(c) ear forming. Moisture stress during silking caused a yield. reduction of 
50 percent; moisture stress during the vegetative and. ear-forming stages 
resulted. in yield reductions of 25 and. 21 percent, respectively. 
Houseman (8) analyzed. the relation of weather to the yield. of corn based. 
on d.ata from the station at Lincoln, Nebraska. He d.i vid.ed. the grow·ing season 
into five-d.ay periods and. used. multiple regression technig_ues to study the 
effects of rainfall and. temperature. Cubic eg_uations were used. in the analysis 
to describe the curves for both rainfall and. temperature effects on corn yields. 
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FIGURE I. WATER REQUIREMENT CURVE FOR CORN 
IN RELATION TO SUMMER RAINFALL IN 
5 CORN BELT STATES 
ll 
The average value of an inch of rain in a five-day period increased from a 
low in May to a peak at the end of July. At the peak, an inch of rain in the 
five-day period increased the yield of corn about 5.6 bushels per acre. The 
value of an inch of rain dropped at a steep rate during August. Houseman's 
study showed that higher than average temperatures w·ere favorable in May, un-
favorable in July, and particularly unfavorable in August. The greatest 
damage by high temperature occurred in late August rather than in early 
August as one might expect. This study confirms Houseman's observation that 
high temperatures in August are more damaging than high temperatures in July. 
Table 3 shows higher regression coefficients for August temperature than July 
temperature in three of the states. The effects of July temperature were of 
little significance in accounting for yield variation in multiple regression 
analyses for Indiana and Ohio, although July temperature ~~d corn yield are 
significantly correlated in Indiana if aliy the two variables are analyzed. 
The average July temperature is slightly higher than the average August 
temperature in all of the five states. A possible explanation for the differ-
ences in effects of July and August temperatures is that the warmer temperatures 
are desirable during the early part of July when corn is making its most rapid 
growth. High temperatures are probably undesirable during the latter part of 
August because they are associated w·i th decreased storage of photosynthate. 
Miller (9) points out that high temperatures cause higher rates of respiration 
and less storage of sugar, starches and other products of synthesis. This is 
particularly true at the time a crop is producing seed. This factor of August 
temperature is of considerable importance in distinguishing between the weather 
of 1960 and 1961 in the Corn Belt. 
As indicated by both Tables l and 2, June temperature in Iowa is a more 
significant factor than in any of the other four states. The average temperature 
in June is somew·hat lower than in the other states of the study, and the coef-
12 
ficient indicates that a temperature above average in June would be desirable 
for corn. It developed that June temperature data in the multiple regression 
equation provided a significant additional source of information in accounting 
for yield variation in Iowa. 
Fieiures 8 to 12 have been included in the appendix to show the curves for 
July rainfall and August temperature in relation to corn yield.s in each of the 
five Corn Belt states. Such curves provide a method. for determining the 
optimum average rainfall in July and the optimum average temperature in August. 
They were calculated from multiple curvilinear regression equations using time 
(linear), July rainfall (quadratic) and. August temperature (quadratic). The 
curve for each variable was calculated by holding the other variables constant. 
As explained earlier, the July water requirement is so critical for corn 
that above average July rainfall is extremely effective in raising the yield 
of corn. Analysis of variance with only two variables, time and July rainfall, 
accounts for almost as much of the variation in yield as accounted. for by 
three variables, time, July rainfall and. July temperature. As a lower per-
centage of variation in yield is accounted for by reducing the number of vari-
ables, there is an increase in the size of coefficient for time (technology). 
If the only variable used in the regression analysis is time, the regression 
coefficient is considerably larger and the percentage of variation in yield 
accounted. for is considerably smaller. In other vmrd.s, a simple linear re-
gression of yield on time gives an overestimate of the effect of technology on 
the trend in corn yields. This occurs because the general tendency has been 
for weather conditions to improve from 1935 to 1961. 
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THE NEED FOR CURVILINEAR ANALYSIS 
While multiple linear regression provides a good basis for estimating the 
effects of w-eather and technology on corn yields, there are some shortcomings. 
In 1958, the July rainfall averaged 7.55 inches in Iowa and. higher than this in 
the four other states in the Corn Belt. As ind.icated in Figure 1, this amount 
of rainfall is more than can be utilized effectively. It causes an overesti-
mate of yield for 1958 if linear regression equations are used since each 
add.i tional inch of rain is assumed to have the same effect on yield as the 
first inch. There was only one year, however, in the 27-year period studied 
when the rainfall in July greatly exceeded. the optimum. This raises the ques-
tion about the need. for curvilinear analysis of the data. 
Houseman's study ( 8) would ind.icate that the lower the August temperature 
the higher the expected corn yield. This is generally true, but in 1950 low 
yields w·ere associated w·ith a cool summer. Shaw· (14) has found. from multiple 
regression stud.ies that a very cool season is associated w·i th less matured 
corn and. reduced corn yields. He points out in a personal communication that 
1950 yields were reduced appreciably by early frost in the Corn Belt. 
Because of the exceptionally cool season of 1950 and the exceptionally 
high rainfall of 1958, it was considered desirable to analyze the data using 
quadratic equations for rainfall and temperature. 
Table 4 shows the partial regression coefficients. This table includes 
the same variables selected for each state as indicated in Table 3 for the 
multiple linear regression analyses. There was an appreciable gain in the 
proportion of variation accounted for by regression* by the use of the multi-
ple curvilinear regression analyses. The Figures 3 to 7 show for each state 
* The square of the multiple correlation coefficient multiplied by 100 
gives the percentage of variation in yield accounted for by regression. 
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the actual yields and the calculated. yields using the coefficients from Table 4. 
The dots are actual yields. The calculated yields are connected with lines, 
which create a wavy effect. The broken line in each figure is the trend line 
for technology. It was calculated by using the partial regression coefficients 
for time from Table 4 and. assuming no deviation frcm average weather conditions 
each year throughout the period from 1935 to 1961.* 
The differences between actual and calculated yields (using data from 
Table 4) for each year for each state are shown in Table F of the appendix. 
These differences are referred to as residuals. There is no trend in the size 
of the residuals over time. The residuals are generally larger in good weather 
years and in poor weather years than in more average years. Had there been an 
increase in the size of residuals over the time span of the study, one might 
conclude that technology was being introduced at a more rapid rate in recent 
years, thereby causing a need for treatment of the time data on curvilinear 
basis. Such was not the case, how·ever. 
The fact that the r 2 for each state is larger than 0.86 lends consider-
able support to the hypothesis that weather has been very important in account-
ing for yield variation. Translated into percentage terms, this means that 
over 86 percent of the yield variation in each state has been accounted for by 
regression, using years (for technology) and the most significant weather factors 
as variables. 
As indicated. earlier, there was an appreciable gain in the yield variation 
accounted for by changing from linear to ~uadratic e~uations for weather vari-
ables. This was particularly true in Iowa. Only 65 percent of the yield vari-
ation was accounted for with multiple linear regression (Table 3) for this 
state; yet when the same variables were used but in ~uadratic form for weather, 
A 
* Y = y + bX, where y e~uals the average yield of corn, b e~uals the partial 
regression coefficient for time, and. X e~uals the deviation in years from 
the mean year (1948). 
16 
the percentage of yield variation accounted for was 90 percent. This study 
confirms the observation by Ezekiel ( 4) that w·eather variables should be treated 
with curvilinear analysis. 
THE RELATION OF 
THE BUILD-UP 
RECENT 
OF THE 
WEATHER CONDITIONS TO 
FEED GRAIN SURPLUS 
The rapid rate of introduction of technology from 1950 to 1956 (primarily 
the increase in use of nitrogen fertilizers) was associated with favorable 
prices of corn (5). Even though 1953 was a d.ry year, fertilizer consumption in 
1954 was high because of the publicity given to the advantage of fertilizers in 
the dry year of 195 3 ( 20) . The year 1954 turned. out to be a drouth year, par-
ticularly in the western part of the Corn Belt, and fertilizers were less 
effective than in 1953 because of dry subsoils at the beginning of the growing 
season (20)*. The year 1955 was also unfavorable. During this period, when 
weather was relatively unfavorable, the rate of utilization of feed grains as 
livestock feed. was somewhat retarded because of the high prices for corn 
(around $1.50 per bushel) in relation to prices of livestock products. As the 
support price on corn was reduced after 1955, there was a marked increase in 
the rate of utilization of feed grains, but the w·eather conditions continued 
to improve. The outcome was a relatively smal~ addition to an already large 
carry-over. Figure 2 shows this relationship. 
The years 1958, 1959 and 1960 were very favorable for the growth of corn 
in all of the five states in this study. The yields were generally higher than 
the trend line obtained by using the regression coefficients for time from 
Table 4. ~ assuming average weather conditions, the equation results in a 
simple regression line -- a straight trend-line assumed to be the average rate 
of change due to introduction of technology. (See Figures 3 to 7 of the appen-
dix.) The coefficients generally underestimate yields in very good weather 
* See page 67 of reference No. (20) for an explanation of this phenomenon. 
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years, and frequently overestimate yields in poor weather years. The calcu-
lated yields were lower than actual yields in both 1959 and 1960, when there 
was little deviation from average summer rainfall and temperature. The pre-
season soil moisture was generally quite favorable, however, and the rainfall 
was generally well distributed over time throughout the Corn Belt. There were 
no large areas of the Corn Belt with moisture stress during the critical part 
of the growing season. The outcome was a combination of desirable growing 
cond.i tions. 
Table 5 was prepared to show trend. yields (using the partial regression 
coefficient f'ur Time) compared. to actual yields during 1958, 1959 and 1960 in 
the five Corn Belt states. The difference is about 7.2 percent more corn due 
to favorable weather. This is nearly the same quantity as that added to our 
surplus during the three-year period in these states. This phase of the study 
indicates that weather factors were partially responsible for the build-up of 
feed grain surplus during the period 1958-1960. This concept is in contrast 
with the belief that an "explosion of technology" occurred. during the decade of 
the 1950's. If one were to ignore w·eatber and use simple regression as a 
measure of technology during the period from 1950 to 1961, be w·ould obtain an 
average rate of increase of nearly tw·ice that shown in this study. But to 
ignore w·eatber in this period. would be serious. There were three drouth years, 
1953,1954 and 1955 > follow·ed by improved w·eatber during the succeeding years. 
To extrapolate from a simple regression line d.rawn through yield data from 1950 
to 1961 w·ould. require the assumption that weather would continue to improve at 
the same rate as from the early to the late fifties. 
19 
Table 5. The Actual Yield of Corn Compared. to The Trend Yields in Three Years 
1958, 1959, and 1960 
ACTUAL TREND 
ACRES YIELD PRODUCTION YIELD PRODUCTION 
195 
Iowa 9,733,000 66 642,378,000 59.17 575,902,000 
Illinois 8,244,000 69 568,836,000 62.43 514,673,000 
Indiana 4,291,000 63 270,333,000 59·94 257,202,000 
Ohio 3,167,000 6o 190,020,000 61.22 193,837,000 
Missouri 3,066,000 56 171,696,000 46.01 141,067,000 
TOTAL - 1,843,263,000 TOTAL - 1,702,681,000 
1959 
Iowa 12,077,000 65 785,005,000 59.87 723,050,000 
Illinois 9,789,000 67 655,863,000 63.30 619,644,000 
Indiana 5,095,000 62 315,890,000 60.80 309,776,000 
Ohio 3,740,000 63 235,620,000 62.13 232,366,000 
Missouri 3,999,000 55 219,945,000 46.96 187,793,000 
TOTAL - 2,212,323,000 TOTAL - 2,072,629,000 
1960 
Iowa 12,166,000 63.5 772,541,000 60.57 736,894,000 
Illinois 9,985,000 68 678,980,000 64.17 640,738,000 
Indiana 5,152,000 68 350,336,000 61.66 317,672,000 
Ohio 3,383,000 68 230,o44,ooo 63.04 213,264,000 
Missouri 4,041,000 52 210' 132,000 47.91 193,604,000 
TOTAL - 2,242,033,000 TOTAL - 2,102,172,000 
GRAND TOTAL - 6,297,619,000 GRAND TOTAL - 5,877,482,000 
Difference= 420,137,000 
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DIFFERENCES IN WEATHER BETWEEN 
1960 AND 1961 
The 1961 growing season was more nearly optimum for corn than in any year 
of the study, 1935 to 1961. The deviations from average monthly temperature 
and rainfall were generally favorable. July rainfall was exceptionally favor-
able. Of the weather conditions in the five states, Missouri weather was most 
striking. Each deviation from average contributed to increased yields. Lower 
than average rainfall in June and August but higher than average rainfall in 
July are favorable to corn in Missouri. Furthermore, lower than average temper-
atures for June, July and August are favorable to corn in that state; and. all of 
the cond.i tions just described actually occurred. in 1961 in Missouri. 
The difference between July rainfall in 1960 and 1961 was the most impor-
tant factor in causing higher yield.s in 1961 than in 1960. The differences in 
July rainfall were 1.16, 1.28, 2.48, 2.76, and 2.82. inches for Indiana, Ohio, 
Missouri, Iowa and Illinois respectively. The curves in Figures 8 to 12 of the 
appendix indicate that, in the range from three to six inches of rainfall in 
July, each additional inch of rainfall would increase yields about 2.5 bushels 
on the average in the Corn Belt. Of course, as Houseman (8) has shown, if the 
inch of rain occurs late in July, it is more valuable in causing an increase in 
the yield of corn. This increase amounts to around five bushels of corn for 
each additional inch of rain. 
The second most important difference betw·een weather conditions of 1960 ar:d 
1961 was the cooler August temperatures. The August temperatures were cooler in 
all five of the states in 1961. 
An examination of the weather data from 1935 to 1961 (see Tables A to E of 
the appendix) indicates that 1961 was the outstand.ing year from the standpoint 
of July rainfall and August temperature. Both variables appear to have been 
optimum in all states. To see this clearly, one should compare the weather d.ata 
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Table 6. Averages of Monthly Rainfall (inches) and Monthly Temperatures 
(degrees F.) for the Period 1935-61 Compared to the Corresponding 
Data for 1960 and 1961 
June June July July Aug. Aug. 
Rain Temp. Rain Temp. Rain Temp. 
1935-61 4.46 72.4 3-58 76.5 3.28 75-5 
Illinois 1960 5-59 70.4 2.98 73-9 2.92 75-4 
1961 3.28 70.8 5.80 75.0 3.16 73.8 
1935-61 4.54 71-5 3-70 75.4 3.15 74.3 
Indiana 1960 6.05 69.1 3-38 72.2 3-13 74-3 
1961 4.19 68.8 4.66 73.8 3.20 72.4 
1935-61 5-07 69.6 3-56 74.9 3.81 73-4 
Iowa 1960 4.43 67.4 2.76 72.6 5-36 73-2 
1961 3-36 69.4 5-52 72.6 3.04 72.4 
1935-61 5-01 73-9 3.60 78.4 3-38 77-5 
Missouri 1960 3-89 72.6 3.62 75-5 2.97 77-6 
1961 3-38 71.1 6.10 76.3 2.70 74.7 
1935-61 4.28 70.1 3.96 73·7 3-21 72.6 
Ohio 1960 3.62 68.3 3-91 70-7 3.24 73-2 
1961 4.26 68.1 5-07 72.5 3.18 71.9 
from Table 6 for these variables with the curves in Figures 8 to 12 of the 
append.ix. 
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Table 7. Actual Yields of Corn Compared to Calculated Yields during 
1960 and 1961 in Five Corn Belt States 
Actual Calculated 
1960 1961 Difference 1960 1961 Difference 
Illinois 68 77 9.0 64.08 71.20 7.12 
Indiana 68 74 6.0 62.68 67.27 4.59 
Iowa 63.5 74 10.5 63.35 70.71 7.36 
Missouri 52.0 62 10.0 48.52 57.41 8.89 
Ohio 68 74 6.0 65.24 69.52 4.28 
Table 7 show·s the actual yields in 1960 and 1961 compared to the calcu-
lated yields* of 1960 and 1961. There is a factor for technology ( the b 
value for time) in the regression equation; therefore the average increase 
due to technology must be subtracted from the differences in predicted yields 
in order to evaluate weather effects. 
* Calculated from equations from Table 4. 
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Table 8. The Effects of Weather Variables Compared to the Effects of 
Other Variables in Causing Increased Yields from 1960 and 1961. 
States 
Illinois 
Indiana 
Iowa 
Missouri 
Ohio 
Contributions to 
Differences in Yield of Corn 
Weather 
Variables 
6.2 
3-7 
6.7 
7-9 
3.4 
Bushels per Acre 
Other 
Variables 
(Technology) 
2.8 
2.3 
3.8 
2.1 
2.6 
Table 8 show·s the differences due to the weather variables compared to 
d.ifferences due to other variables. While the average rate of introduction of 
technology has been causing an increase of nearly a bushel per acre per year in 
the Corn Belt states, Table 8 indicates the actual increase was two or three 
times the average rate from 1960 to 1961. 
. .., 
This is not at all unrealistic for 
1961 in view of the fact that the feed grain program was started in 1961. It is 
generally recognized that farmers attempted to increase their yields in 1961 in 
view of a promised increase in price of corn compared to that received in 1960; 
that is, if they reduced acreage. Some increased. their rates of planting. Those 
accustomed to using fertilizer increased their rates on the acreage planted. 
These two factors were undoubtedly of importance in 1961. Smaller acreages 
permitted some selection of better land and. more timely operations on the 
reduced acreage. 
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DISCUSSION OF RESULTS 
The differences between calculated yield.s for 1960 and 1961 vary in 
accordance with the method of statistical analysis and the variables selected. 
The differences reported are based on multiple regression analyses employing 
linear equations for time (as a measure of technology) and quadratic equations 
for the selected w·eather variables. This method of analysis and the variables 
selected provide a high degree of accuracy in accounting for the yield variation 
that occurred from 1935 to 1961. The high speed computer* made it practicable 
to try in both linear and quadratic form all possible combinations of the 
selected variables in the study. The combination selected accounts for more 
than 86 percent of the yield. variation in each state. The fact that five 
states yielded similar results lends considerable support to the hypothesis 
that weather has been an important factor in the build-up of the feed grain 
surplus since 1957. 
Although the proportion of overall yield variation accounted for was 
approximately 90 percent, which is unusually high for studies dealing with 
climate, it should. be recognized that certain variables could. not be measured 
with the data available. One of these variables is pre-season or subsoil 
moisture. This factor is not a limiting one very often but when it is, as in 
1954, the regression equations used in this study tend to overestimate yields. 
Another factor which was referred to earlier is that of frost damage in 
September. While there is correlation betw·een a cool season and frost damage 
(14), this factor is very difficult to include in a regression analysis because 
of its infrequent occurrence. The omission of this factor is a very important 
cause of the overestimates of yields in 1950 and 1951, as indicated in Figures 
2 to 7 and in Table F of the appendix. 
* International Business Machine 650. 
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Another factor of great importance which is lost in state averages (and 
monthly averages) is the distribution of rainfall during the month as w·ell as 
the distribution of those few days of hot, dry winds that sometimes occur during 
the silking period. This study could be greatly improved if data of weekly or 
bi-weekly periods were used. Furthermore, state averages do not fit the 
location where corn production is concentrated. It would be preferable to 
make such stud.ies on a divisional basis since each state is divided into 
divisions for reporting weather data by the Weather Bureau. 
The regression equations in this study are useful in d.istinguishing 
between growing seasons if pre-season moisture conditions are similar and if 
distribution of rainfall during the months compared is also similar. These 
conditions prevailed generally in 1960 and 1961. In both 1960 and 1961 the 
estimates of yields throughout the Corn Belt were increased as the season 
progressed, primarily because of favorable distribution of rainfall and the 
absence, in general, of hot, dry wind.s. 
NOTE 
It is recognized that in regression and correlation analyses there is 
sometimes a question of cause and effect relationships. The correlations in 
this study, however, are consistent with what is known from experimental 
studies with climate. It is believed that this fact lend considerable support 
to the statistical conclusions drawn from this study. 
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Appendix Table A 
Illinois June-July-August Rainfall and. Temperature aad Corn Yield 
xl x2 x3 x4 x5 x6 x7 y 
Year Jun. R. Jun. T. Jul. R. Jul. T. Aug. R. Aug. T. Yield 
1935 1 5·99 68.2 3·33 79.0 2.59 75·7 38.5 
36 2 1.66 72.8 1.22 83.5 2.66 81.0 24.0 
37 3 5.07 71.7 3.18 75·7 2.39 78.1 48.0 
38 4 5.23 70.6 4.74 77.1 3·33 77·7 45.0 
39 5 5.13 73.6 3·37 76.7 4.78 73·5 52.0 
1940 6 2.92 73.2 1.53 76.9 4.01 75.2 43.0 
41 7 4.34 73.4 2.75 77.0 2.74 76.5 53.0 
42 8 5.44 72.4 4.89 76.8 3.53 73·4· 54.0 
43 9 3.84 75.1 3.00 77·5 2.97 77.0 50.0 
44 10 2.42 76.0 1.83 76.2 3.80 75·5 45.0 
1945 11 6.65 68.4 1.46 73.8 3.47 74.2 46.5 
46 12 4.40 72.3 2.41 76.3 5·97 70.7 57.0 
47 13 6.31 69.8 1.86 73.0 2.20 81.9 39·5 
48 14 3·93 71.8 5.45 75·5 1.74 74.9 61.0 
49 15 4.19 74·7 4.40 78.6 2.90 74.6 56.0 
1950 16 5.63 71.2 3.98 72.9 3.63 70.4 51.0 
51 17 6.17 69.7 4.63 74.8 3.71 73.0 55.0 
52 18 4.64 77.8 3.44 78.1 2.97 73·7 58.0 
53 19 3.42 77.1 3.67 77.4 1.12 75·5 54.0 
54 20 3.56 76.3 2.79 79·3 5.04 75.4 50.5 
1955 21 3.86 68.6 3.41 80.5 2.56 77·5 56.0 
56 22 2.63 74 .. 0 4.76 74.9 3.82 75.2 68.0 
57 23 6.47 72.5 4.33 77.1 2.91. 74.7 64.0 
58 24 6.16 68.2 8.12 73·9 3·33 74.7 69.0 
59 25 1.56 73·7 3.31 75.2 4.29 78.0 67.0 
1960 26 5·59 70.4 2.98 73·9 2.92 75.4 68.0 
61 27 3.28 70.8 5.80 75.0 3.16 73.8 77.0 
Averages: 14 4.46 72.4 3.58 76.5 3.28 75·5 53.70 
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Appendix Table B 
Indiana June-July-August Rainfall and Temperature and Corn Yield 
xl x2 x3 x4 x5 x6 x7 y 
Year Jun,. R. Jun. T. Jul. R. Jul. T. Aug. R. Aug. T. Yield 
1935 l 4.75 68.2 3 ·57 78.0 3.12 75.2 38.0 
36 2 1.37 71.8 1.59 81.4 3.04 79.4 25.5 
37 3 4.56 71.0 3.67 74.6 3.56 76.4 45.0 
38 4 5.22 69.8 5.25 75.6 3.21 76.2 41.0 
39 5 6.12 73.6 4.19 75.2 2.65 73.8 51.5 
1940 6 3.10 72.2 1.49 75·9 2.74 75·5 37.0 
41 7 5.64 72.4 2.54 76.4 2.33 74.8 45.0 
42 8 5·55 72.3 4.03 76.2 3.71 73.0 54.0 
43 9 3.58 75.6 4.22 76.3 2.51 75.4 49.0 
44 10 1.80 75.6 1.68 76.2 4.01 75.2 38.0 
1945 ll 6.65 68.2 3.44 73.2 3.60 73.0 53.0 
46 12 4.12 71.3 2.62 75.1 3.31 69.6 51.0 
47 13 5.21 69.0 3.12 71.2 3.44 79.8 43.0 
48 14 4.37 71.8 4.48 74.9 1.95 73.6 60.0 
49 15 5.36 74.7 3.50 78.4 3.66 73.8 52.0 
1950 16 5.76 69.6 3.78 72.1 3.47 70.5 48.5 
51 17 4.63 70.0 3.89 74.1 2.60 72.1 53.0 
52 18 4.84 76.2 2.49 77·3 2.92 72.8 50.0 
53 19 2.72 75·3 4.40 75.8 2.06 74.3 51.5 
54 20 2.91 74.7 3.24 76.9 4.93 73·7 55.5 
1955 21 3.28 67.2 4.80 79.2 2.68 76.5 56.0 
56 22 3.25 72.3 3.49 73·7 2.93 73.2 62.0 
57 23 7.09 71.7 4.19 75.0 2.81 72.8 59.0 
58 24 8.08 66.8 8.07 73.4 4.42 72.2 63.0 
59 25 2.46 71.9 4.04 74.2 3.07 77.0 62.0 
1960 26 6.05 69.1 3.38 72.2 3.13 74.3 68.0 
61 27 4.19 68.8 4.66 73.8 3.20 72.4 74.0 
Averages: 14 4.54 71.5 3.70 75.4 3.15 74.3 51.31 
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Appendix Table C 
Iowa June-July-August Rainfall and Temperature and Corn Yield 
xl x2 x3 x4 x5 x6 x7 y 
Year Jun. R. Jun. T. Jul. R. Jul. T. Aug. R. Aug. T. Yield 
1935 l 7.00 65.9 3.35 79·4 2.42 73.6 38.0 
36 2 2.85 70.1 .51 83.4 3.48 79.2 20.0 
37 3 3.80 69.0 2.63 75·9 3.99 77.8 45.0 
38 4 4.67 69.2 4.24 76.5 3.82 75·7 46.0 
39 5 5.32 71.4 3.15 76.2 4.72 70.7 52.0 
1940 6 3.56 71.3 4.57 76.7 6.44 70.7 52.5 
41 7 6.20 70.0 2.24 75.1 1.94 75.1 51.0 
42 8 5·93 69.7 4.89 74.3 3.17 72.2 60.0 
43 9 6.16 71.6 4.56 75.4 5.07 74.0 56.5 
44 10 5.88 71.7 3·73 72.6 5.88 71.8 52.5 
1945 ll 4.70 64.1 2.96 72.1 3.43 72.5 44.5 
46 12 6.41 69.8 2.45 73.8 3.56 68.9 57.0 
47 13 10.39 66.3 1.72 72.8 1.49 80.6 31.0 
48 14 3.42 68.6 4.14 75.0 2.54 73·9 60.5 
49 15 5.51 72.4 3.47 76.2 2.34 73.0 48.0 
1950 16 5.70 68.4 4.65 69.7 2.39 67.7 48.5 
51 17 6.11 65.2 4.45 72.1 6.21 70.5 43.5 
52 18 5.40 74.2 3.84 74.7 4.78 70.0 62.5 
53 19 5.31 73.2 3.28 74.6 2.33 73.2 53.0 
54 20 6.36 72.9 1.79 77.4 7.10 72.1 54.5 
1955 21 3.07 67.2 3.29 79.8 1.79 77.2 48.5 
56 22 2.56 74.7 4.51 72.7 4.42 73.0 53·5 
57 23 4.84 68.9 3.54 77·9 3.76 72.9 62.0 
58 24 3.80 66.4 7·55 70.5 2.55 73.0 66.0 
59 25 4.11 71.5 2.29 72.3 4.92 76.3 65.0 
1960 26 4.43 67.4 2.76 72.6 5.36 73.2 63.5 
61 27 3.36 69.4 5.52 72.6 3.04 72.4 74.0 
Averages: 14 5.07 69.6 3.56 74.9 3.81 73.4 52.19 
Appendix Table D 
Missouri June-July-August Rainfall and Temperature and Corn Yield 
xl x2 x3 x4 x5 x6 x7 y 
Year Jun. R. Jun. T. Jul. R. Jul. T. Aug. R. Aug. T. Yield 
1935 l 9.25 69.6 3.12 80.8 2.26 77·7 19.0 
36 2 1.42 76.5 1.52 85.3 .84 84.6 10.5 
37 3 4.93 74.4 4.06 77·9 2.05 80.5 27.5 
38 4 4.77 72.4 3.50 79·7 2.62 81.1 25.5 
39 5 5.64 74.6 2.91 80.0 4.80 75.4 29.5 
1940 6 4.36 73.5 1.58 77·7 5.78 75.6 31.0 
41 7 4.23 74.1 2.75 79·3 3.15 79.2 29.5 
42 8 7·70 73·3 2.85 78.8 4.24 75.1 36.0 
43 9 6.39 75.8 2.49 79.6 2.46 79.8 31.5 
44 10 2.55 76.4 2.62 77.6 6.09 75·9 34.5 
1945 ll 8.84 69.5 2.10 75.1 2.08 76.8 28.5 
46 12 2.72 73·9 2.68 78.9 5.64 74.0 37 ·5 
47 13 8.19 72.6 2.17 75.0 1.81 83.4 25.0 
48 14 7.43 73.3 5.45 77.4 2.14 76.1 45.5 
49 15 6.55 75.2 4.90 78.8 3.04 75.1 41.0 
1950 16 4.14 72.9 4.47 72.8 6.72 71.2 44.0 
51 17 8.95 71.0 5·59 76.7 5.14 76.2 34.0 
52 18 2.27 80.8 3.48 79·7 5.12 75·7 41.0 
53 19 2.14 80.4 1.92 79.2 1.31 77·7 33·5 
54 20 3.21 77·2 1.40 84.2 5.06 80.1 23.0 
1955 21 4.62 69.6 3.02 8L4 2.69 78.3 40.0 
56 22 3·39 74.8 5·57 77·9 3.05 78.8 48.0 
57 23 6.75 73·5 3.27 79·3 2.12 77·1 44.0 
58 24 5.30 72.3 10.12 76.4 2.32 76.8 56.0 
59 25 2.27 74.0 3.92 75.4 3.09 79.0 55.0 
1960 26 3.89 72.6 3.62 75·5 2.97 77·6 52.0 
61 27 3.38 71.1 6.10 76.3 2.70 74.7 62.0 
Averages: 14 5.01 73·9 3.60 78.4 3.38 77·5 36.46 
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Appendix Table E 
Ohio June-July-August Rainfall and Temperature and Corn Yield 
xl x2 x3 x4 x5 x6 x7 y 
Year Jun. R. Jun. T. Jul. R. Jul. T. Aug. R. Aug. T. Yield 
1935 1 3.96 67.4 4.93 76.7 6.03 73.2 44.0 
36 2 1.74 70.3 3.06 77.0 3·59 76.1 33.0 
37 3 6.07 69.7 4.27 73.2 3.20 74.7 43.0 
38 4 4.08 68.5 4.99 74.2 3.10 74.9 44.0 
39 5 6.55 72·5 4.15 72.9 2.02 72.7 50.0 
1940 6 4.79 70.6 1.93 73·3 4.18 72.8 38.0 41 7 5.91 70.9 4.15 75.1 3·35 71.7 49.5 
42 8 4.19 71.2 3.98 74.7 3.48 71.3 56.0 
43 9 3·37 74.7 6.01 74.2 2.88 72.4 49.5 
44 10 3.08 73.1 1.69 74.3 4.02 73·7 38.0 
1945 11 4.91 67.5 3·57 71.7 1.98 71.6 50.5 
46 12 5.94 69.0 3.09 72.7 2.51 67.0 49.0 
47 13 5-55 67.8 3-79 69.4 4.39 77·3 41.0 
48 14 4.01 70.1 3.62 73.6 2.57 72.4 58.5 
49 15 4.25 73-5 4.22 75·5 3.31 73-2 56.0 
1950 16 4.37 68.2 4.30 70.8 2.88 69.5 52.0 
51 17 4.59 69.7 2.60 73.2 1.30 71.0 48.0 
52 18 2.80 74.2 3.16 76.3 2.72 71.9 53.0 
53 19 2.81 72.6 3-54 74.4 2.10 72.8 55.0 
54 20 3-43 72.0 3.36 73·3 4.85 71.3 61.0 
1955 21 2.66 66.4 4.19 77-4 3.23 75.6 59-0 
56 22 3.92 69.8 4.51 72.4 3.94 71.6 60.0 
57 23 5.78 70.8 2.72 73.2 1.72 71.3 54.0 
58 24 6.18 65.5 7.89 73.0 4.41 70.4 60.0 
59 25 2.81 70.1 4.28 73.8 2.45 75-9 63.0 
1960 26 3.62 68.3 3.91 70-7 3.24 73.2 68.0 
61 27 4.26 68.1 5.07 72.5 3.18 71.9 74.0 
Averages: 14 4.28 70.1 3-96 73·7 3.21 72.6 52.11 
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Table F. Residuals Resulting From Multiple Curvilinear Regression Analysis 
Using Data From Table 4. 
Illinois Indiana Iowa Missouri Ohio 
1935 -3.32 -2.88 1.47 -3.02 - .69 
36 3.02 
- ·73 .41 3.65 -1.17 
37 3.76 3·59 2.57 ·57 - .06 
38 -3.16 -4.28 -2.89 - .08 - .81 
39 4.12 4.51 ·93 .94 2.66 
1940 -1.18 
·93 - .43 3·77 L87 
41 5.46 2.21 -1.05 1.84 - .27 
42 .68 4.43 2.75 3.36 5.74 
43 
·73 - .17 1.49 3.08 -2.93 
44 
-3-55 -2.88 -1.95 1.06 1.25 
1945 - .87 2.41 4.32 -2.35 - .91 
46 5.94 3·39 1.73 .08 3.19 
47 -3.84 1.46 -2.65 -5.76 -2.94 
48 1.54 4.59 1.93 2.74 4.55 
49 
- ·97 -1.87 -8.65 -2.56 - .15 
1950 -4.16 -7.07 -1.65 -1.07 -5.84 
51 -5.43 -4.14 -6.95 -11.58 -3.80 
52 - .38 -3.20 9.07 -1.23 -2.77 
53 -6.13 -7.65 -4.77 -4.50 -2.85 
54 -6.32 -1.93 -3.32 -3.88 2.25 
1955 ·37 -3.08 1.27 .50 1.68 
56 . 3.00 1.83 -1.35 - .43 -4.33 
57 -1.26 -3.92 - .47 -1.53 -4.01 
58 -1.12 .82 - .42 ·55 .55 
59 3·35 1.59 5.17 7·79 2.54 
1960 3.92 5.32 .15 3.48 2.76 
61 5.80 6.73 3.29 4.59 4.48 
